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$ ODUJH VFDOH WULDO RI GHVSDWFKDEOH VSDFH DQG ZDWHU KHDWHUV ZLWKLQ D VPDUW JULG ZDV LPSOHPHQWHG LQ
6FRWODQG¶VPRVW1RUWKHUO\LVODQGV/RFDWHGPLOHVIURPWKHPDLQODQG6KHWODQGLVQRWFRQQHFWHGWRWKH
8. JULG VR WKH GLVWULEXWLRQ QHWZRUN RSHUDWRU 6+(3' KDV WR EDODQFH GHPDQG DQG VXSSO\ DFURVV D
SRSXODWLRQ RI MXVW   1HWZRUN VWDELOLW\ FRQVWUDLQWV PHDQ WKDW RQO\ RQH  0: ZLQG IDUP FDQ
FXUUHQWO\ EH DFFRPPRGDWHG :LWKLQ WKHLU SURJUDPPH RI ZRUN 6+(3' KDYH GHSOR\HG VHYHUDO QRYHO
WHFKQRORJLHV WKDW WRJHWKHUDUH LQWHQGHG WR UHGXFH IRVVLO IXHOXVH LQFUHDVH UHQHZDEOHHQHUJ\JHQHUDWLRQ
DQG LPSURYH WKH UHOLDELOLW\ DQG TXDOLW\ RI WKH HOHFWULFLW\ VXSSO\ $W WKH V\VWHP¶V FRUH LV DQ $FWLYH
1HWZRUN 0DQDJHU $10 ZKLFK GHVSDWFKHV ZLQG JHQHUDWRUV LQ UHVSRQVH WR GHPDQG IOXFWXDWLRQV DQG
FRQWUROVWKHFKDUJLQJRIWKHUPDOHQHUJ\VWRUDJH




 KRXU SHULRG EDVHG RQ DQWLFLSDWHG GHPDQG VXSSO\ DQG QHWZRUN VWDWXV 7KH FKDUJH FDQ EH YDULHG
EHWZHHQGLVFUHWHVHWWLQJV$QDGGLWLRQDOIHDWXUHLVWKDWWKHGHYLFHVFDQUHVSRQGDXWRPDWLFDOO\WRVKRUWWHUP
FKDQJHV LQ JULG IUHTXHQF\ VKXWWLQJ GRZQ ZKHQ WKH IUHTXHQF\ GURSV EHORZ DQ DFFHSWDEOH OHYHO DQG
LQFUHDVLQJ WKH FKDUJH OHYHO ZKHQ IUHTXHQF\ ULVHV ,Q WKLV ZD\ WKH GHYLFHV VXSSRUW GLUHFW ORDG VKLIWLQJ
UDWKHUWKDQUHO\LQJRQGLIIHUHQWLDOSULFLQJWRLQIOXHQFHWKHFXVWRPHU¶VDFWLRQVDVLQWUDGLWLRQDOGHPDQGVLGH
UHVSRQVH
7KLV SDSHU H[SORUHV KRZ VXFK D FRQWUROODEOH VWRUDJH V\VWHP SHUIRUPV XQGHU D UDQJH RI DSSURDFKHV WR
FKDUJLQJ EDVHG RQ ILHOG PRQLWRULQJ DQG VLPXODWLRQ VWXGLHV 3HUIRUPDQFH LV DVVHVVHG IURP WKH SRLQW RI








GHYHORSPHQWFRQYHUWLQJDQROGVWRQHZDOOHGSXEOLFEXLOGLQJ LQWRIODWV(DFKGZHOOLQJKDG WZRRU WKUHH
VWRUDJHKHDWHUVZLWKD WRWDOFDSDFLW\RIN: WKHVHZHUH LQ WKHKDOODQG OLYLQJDUHDVZLWKSDQHO
KHDWHUVLQRWKHUURRPV$OOGZHOOLQJVKDGSUHYLRXVO\KDGHOHFWULFVWRUDJHKHDWHUVVRRFFXSDQWVZHUHXVHG





WKH VWRUH UHDFKHG WKDW UHVHUYH UHJDUGOHVV RI VFKHGXOH $OVR LQ RUGHU WR HQVXUH WKDW FXVWRPHUV GLG QRW
LQDGYHUWHQWO\ UXQ XS ODUJH ELOOV WKH KHDWHUV KDG DQ DGDSWLYH FRQWURO IXQFWLRQ WKDW WXUQHG RII FKDUJLQJ
EH\RQGDSRLQWHTXDOWRWKHUHVHUYHSOXVWKHKHDWHU¶VLQWHUQDOHVWLPDWHRIWKHHQHUJ\UHTXLUHGIRUWKHQH[W
GD\,QFDVHRIFRQIOLFWZLWKWKH$10LQVWUXFWLRQVWKHLQWHUQDOGHYLFHFRQWUROOHUKDGSULRULW\




7KH PRQLWRULQJ VFKHPH DV GHSLFWHG LQ )LJXUH  ZDV GHVLJQHG WR DOORZ WKH FRQVWUXFWLRQ RI HQHUJ\
EDODQFHVLQRUGHU WRGHWHUPLQHWKHEHKDYLRXURI WKHGHYLFHVRYHU WLPH5RRPWHPSHUDWXUHVDQGZHDWKHU
SDUDPHWHUV ZHUH DOVR UHFRUGHG 3DQHO KHDWHU XVH DQG YHQWLODWLRQ ZHUH QRW PRQLWRUHG GXH WR SRWHQWLDO
RFFXSDQWLQFRQYHQLHQFH
'DWD ZDV FROOHFWHG IRU  GHYLFHV HDFK ZLWK  GDWD FKDQQHOV DW  PLQXWH LQWHUYDOV  7KH IXOO
PRQLWRULQJVFKHPHZDVLQRSHUDWLRQGXULQJ0DUFK2FWREHUWKLVSHULRGLQFOXGHGZHDWKHUWKDWZDV
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WKH KHDWHU FRQWUROOHU ZKHWKHU EHFDXVH RI FROGHU WHPSHUDWXUHV FKDQJHV LQ RFFXSDQW EHKDYLRXU RU
HVWLPDWLRQ DOJRULWKP LQDFFXUDF\ WKH KHDWHUV ZRXOG VZLWFK RII ZKHQ LQVWUXFWHG WR FKDUJH DQG DW RWKHU
WLPHVFKDUJHDWIXOOFDSDFLW\ZKHQQRWVFKHGXOHG ,QDGGLWLRQZKHQRFFXSDQWVWULHGWRFRQWUROWKHIDQ
DVVLVWHG KHDW RXWSXW E\ WXUQLQJ WKH URRP WKHUPRVWDW VHWWLQJV XS DQG GRZQ UHJXODUO\ UDWKHU WKDQ DV
LQWHQGHG VHWWLQJ D SUHIHUUHG WHPSHUDWXUH VHWSRLQW YLD D WLPHU WKH GHYLFH FRQWUROOHUV ZRXOG XVH DQ
















ZLQWHUGD\7LPLQJGLIIHUHQFHVPHDQW WKDWRQDJJUHJDWH WKHKHDWHUVZHUH UDUHO\PRUH WKDQIXOO
)LJXUHLPSO\LQJWKDWWKHUHLVH[FHVVFDSDFLW\WRVWRUHZLQGJHQHUDWLRQRYHUPRUHWKDQRQHGD\7KH
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EULFNV VDQGZLFKLQJ  [  : KHDWLQJ HOHPHQWV ZKLOH WKH VPDOOHU KHDWHU KDG  VWDFNV DQG  :
HOHPHQWV7KUHHVHWVRISDUDPHWHUVZHUHHVWLPDWHGIURPKHDWHUSHUIRUPDQFHWHVWVRUIURPSXEOLVKHGGDWD

























SRZHU LQSXWVWRSSHGDV WKHEULFN WHPSHUDWXUHHTXDOLVHG7KHVLPXODWLRQ LVFORVH WR WKH ODERUDWRU\GDWD
ERWKLQVKDSH±6SHDUPDQ¶VUDQNFRUUHODWLRQFRHIILFLHQWRIDQGPDJQLWXGHLQHTXDOLW\FRHIILFLHQWRI
7KHFRUUHVSRQGLQJDJUHHPHQWIRUSRZHURXWSXWZDVVOLJKWO\ORZHUEXWVWLOODFFHSWDEOHDWDQG
 7KH PRVW VLJQLILFDQW DGMXVWPHQW PDGH GXULQJ FDOLEUDWLRQ ZDV LQ WKH FRQYHFWLYH KHDW WUDQVIHU
FRHIILFLHQWEHWZHHQWKHKHDWHUDQGURRPDLU






 ?& UDWKHU WKDQ WKH  ?& PHDVXUHG LQGLFDWLQJ WKDW FDVXDO JDLQ RU YHQWLODWLRQ EHKDYLRXU ZDV PRUH













WR FRYHU DQ H[WHQGHG SHULRG $ WLPH VWHS RI  PLQXWHV JDYH UHVXOWV ZLWKLQ  RI WKRVH XVLQJ 
PLQXWHVRWKLVZDVVHOHFWHGIRUWKHVFKHGXOLQJVWXG\LQWKHLQWHUHVWVRIVSHHG





PLQLPXP 'XULQJ FROG VSHOOV WKH KHDWHU FRUH ZDV QRW KRW HQRXJK WR GHOLYHU WKH UHTXLUHG RXWSXW DQG
IUHTXHQWO\KLW LWVSURJUDPPHGPLQLPXPUHVHUYH OHYHO DWZKLFKSRLQW LW VWDUWHG WRFKDUJHDW IXOOSRZHU
LUUHVSHFWLYHRI LQVWUXFWLRQV:KHQ LWZDVZDUP WKHDXWRPDWLFHQHUJ\FDSSUHYHQWHG IXOOGHOLYHU\RI WKH
VFKHGXOHGFKDUJH7KLVDSSURDFKWKHUHIRUHZRUNHGEDGO\IRUERWKWKHRFFXSDQWVDQGWKHXWLOLW\
6LPXODWLRQV RI DOWHUQDWLYH FKDUJLQJ VFKHGXOHV ZHUH UXQ WR VHDUFK IRU EHWWHU VROXWLRQV 7ZR RI WKH WULDO
KRXVHVZHUHPRGHOOHGIRU-DQXDU\-XQHRIDW\SLFDO/HUZLFNZHDWKHU\HDU+RXVHZLWKORZDQG+RXVH
 ZLWK KLJK WKHUPDO PDVV  $ VLPSOH RFFXSDQF\ PRGHO ZDV DSSOLHG WR HDFK  RXW DW ZRUN RU DW KRPH







7KHHVWLPDWHGGHPDQGZDV WKHQXVHG WRJHQHUDWHGDLO\VFKHGXOHV )RXUGLIIHUHQWDSSURDFKHV WRHQHUJ\
GHOLYHU\ZHUHH[DPLQHG
x 7HOHVZLWFKLQJ  VWDQGDUG FRQGLWLRQ ZKHUH KHDWHUV FKDUJH DW PD[LPXP GXULQJ WDULII KRXUV LI WKH\
SK\VLFDOO\FDQ
x ([DFWVFKHGXOLQJGHOLYHULQJWKHHQHUJ\UHTXLUHGHDFKGD\




WKH VDPHDV WKHDFWXDORSWLPLVHG VFKHGXOHSURGXFHGE\ WKH$10V\VWHPEXW LW JHQHUDWHV D VLPLODU
FKDUJLQJSDWWHUQ
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7KHKHDWHU¶VLQWHUQDOFRQWUROOHUFRXOGQRWEHPRGHOOHGIXOO\DVWKHDOJRULWKPIRUFDOFXODWLQJWKHDGDSWLYH

















,Q 0D\ DQG -XQH URRP WHPSHUDWXUHV H[FHHGHG  ?& LQ WKH HYHQLQJV HYHQ ZLWK WKH OLYLQJ URRP DQG
NLWFKHQKHDWHUVVZLWFKHGRII,QGLYLGXDORFFXSDQWVPLJKWUHDFWWRWKLVLQDYDULHW\RIXQSUHGLFWDEOHZD\V±






SURYLGH DGGLWLRQDO VWRUDJH WKH GLIIHUHQFH LV RQO\   +RZHYHU ZLWK WHOHVZLWFKLQJ ERWK GZHOOLQJV
FRQVXPHFRQVLGHUDEO\PRUHHQHUJ\DQGUHVSHFWLYHO\
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